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It was noted at autopsy in a study of animals dying after the
removal of both adrenals that the pancreas always presents a charac-
teristic appearance. In color the gland is deep pink and contrasts
quite strikingly with the faint white color of the normal pancreas.
Because of their marked injection, it is possible to see all the vessels
by transmitted light; even those leading to the small lobules stand
out prominently. Histologically the islands appear prominent and
the capillaries are engorged with blood. This appearance is only
slightly simulated by that of the fatigue gland at the end of a long
period of digestion. Since these changes in the pancreas were so

marked and constant, we deemed them worthy of a separate investi-
gation. This seemed especially desirable as accurate data in regard to
the polyglandular theory are very scant. We found only one refer-
ence describing a seemingly similar condition of the pancreas. Sweet
and Allen1 noted that at necropsy of dogs from which the hypophysis
had been removed the pancreas presented a striking red coloration like
that seen at the height of digestion. Microscopic study, however, did
not reveal any very marked changes.

Numerous experiments have been reported the results of which
tend to establish the existence of a specific functional relationship
between the adrenals and the pancreas. Hypotheses concerning this
relationship are based on two facts : ( 1 ) That epinephrin produces
glycosuria, and (2) that it decreases the flow of pancreatic juice.
Investigation has failed to demonstrate that the glycosurie action of
epinephrin is due to its primary effect on the pancreas. Lusk and
Riche2 conclude that the glycosurie action of epinephrin is due to vaso¬

constriction and not to inhibition of pancreatic function. Crowe and
Wislocki,3 who recently investigated the subject, conclude that carbo¬
hydrate tolerance is not modified in an adrenalectomized animal. The
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1. Sweet, J. E., and Allen, A. R.: The Effect of the Removal of the Hypoph-

ysis in the Dog, Ann. Surg., 1913, lvii, 485, 3 pl.
2. Lusk, Graham, and Riche, J. A.: Animal Calorimetry : Paper VIII. The

Alleged Influence of the Adrenals on Diabetic Metabolism, The Archives Int.
Med., 1914, xiii, 673.

3. Crowe, S. J., and Wislocki, G. B.: Experimental Observation on Adrenals
with Reference to Functions of their Interrenal Portions, Bull. Johns Hopkins
Hosp., 1914, xxv, No. 284.
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682 THE ARCHIVES OF INTERNAL MEDICINE

most comprehensive work on the relationship of the adrenals to pan¬
creatic secretion has been done by Pemberton and Sweet.4 They
demonstrate that the injection of epinephrin decreases or inhibits the
flow of pancreatic juice and that the removal of the adrenals increases
the pancreatic secretion. From these observations they conclude that
the adrenals have an inhibitory function over the pancreas. Edmunds,5
in a study of the effects of epinephrin on the flow of pancreatic juice,
concludes that the inhibitory action is due to the production of marked
vasoconstriction.

Two general methods were used to study the effect of adrenal insuf¬
ficiency on the pancreas :

A.—We performed a series of experiments in which the flow of
pancreatic juice was carefully observed after various procedures on

the adrenals. The experiments under this method may be considered
in two general groups, the first comprising those experiments in which
the flow was recorded in anesthetized animals, and the second those
in which the flow was observed in unanesthetized animals.

B.—By means of special stains, we studied the histologie changes
in the pancreas after these procedures.
METHOD A. FLOW OF PANCREATIC JUICE AND GROSS ANATOMIC CHANGES

AFTER ADRENALECTOMY

Group i.—The general procedure in Group 1 was as follows:
All the animals were fasted for thirty-six hours prior to the time of
experiment. They were carefully anesthetized with ether. Carotid
blood pressure was usually recorded by a Huertle manometer; how¬
ever, the blood pressure could be measured directly by means of a

two way stop cock connected with a mercury manometer. All readings
for blood pressure were taken from the mercury manometer. The flow
of pancreatic juice was obtained by placing in the major pancreatic duct
a cannula connected with a glass tube graduated in 0.01 cm. Readings
expressed in cubic centimeters, were taken for fifteen-minute inter¬
vals. Blood pressure and flow of pancreatic juice were recorded
hourly on an extension kymograph for a period of fifteen minutes.
Normal temperature conditions were approximated as closely as pos-

4. Pemberton, Ralph, and Sweet, J. E.: The Inhibition of Pancreatic Activity
by Extracts of Suprarenal and Pituitary Bodies, The Archives Int. Med., 1908,
i, 628-647; Further Studies on the Influence of the Ductless Glands on the
Pancreas, Ibid., 1910, v, 466; Sweet, J. E., and Pemberton, Ralph: The Induc-
tion of Pancreatic Activity by the Removal of the Adrenals, Ibid., 1910, vi, 536;
Pemberton, Ralph, and Sweet, J. E.: Experimental Notes on the Influence of
the Adrenals Over the Pancreas, Ibid., 1912, ix, 169.

5. Edmunds, C. W.: Further Study of the Relation of the Adrenals to Pan-
creatic Activity, Jour. Pharm. and Exper. Therap., 1910-11, ii, 559; The Antagon-
ism of the Adrenal Glands Against the Pancreas, Ibid., 1909-10, i, 135.
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sible by the judicious use of an electric pad. Since the passage of acid
fluid from the stomach might prove to be a disturbing factor, the
pylorus was usually ligated. In some experiments the minor duct was

ligated to see if the free communication of the major and minor pan¬
creatic ducts which is present in the dog was complicating results.

Series A.—In this series of five experiments, the flow of pancreatic
juice was measured in normal anesthetized animals, the experiments
usually extending over eight to sixteen hours. In general, our results
corroborated those of Pemberton and Sweet. In one animal there
was no flow; in the others there was a slight initial flow which
increased as the blood pressure decreased. The following is a repre¬
sentative protocol:

Experiment 4 (Series A).—Oct. 5, 1914. Large male bulldog in good con¬
dition. Weight 36 pounds. Had fasted thirty-six hours. Etherized at 7 :30 a. ra.

Apparatus arranged to record carotid blood pressure.

til.
Time
7:45 a.
8:15 a. m.
8:15-8:30
8:30 a. m.
8:30-8:45
8:45-9:00
9:00 a. m.
9:00-9:15
9:15-9:30
9:30 a. m.
9:30-9:45
9:45-10:00
10:00 a. m.
10:00-10:15
10:15-10:30
10:30 a. m.
10:30-10:45
10:45-11:00
11:00 a. m.
11:00-11:15
11:15-11:30
11:30 a.m.
11:30-11:45
11:45-12:00
12 :00 m.
12:00-12:15
12:15-12:30
12:30 p.m.
12:30-12:45
12:45-1:00

00 p. m.
00-1:15
15-1:30
30 p. m.
30-1:45

00
m.

45-2
00  
00-2:15
15-2:30
30 p. m.
30-2:45

Pulse
180
180

180

156

144

150

130

158

132

180

18Ó

180

180

156

156

Resp.
42
42

42

48

48

42

46

48

36

42

42

42

48

48

48

Temp.
100.9
98.2

98.2

'òy'.è

'98.6

'97.3

97.4

'98.2

101.2

101.4

101.2

100.6

100.6

   .6

 . P.
110
110

110

i 05

i 00

-9Ó

85

'85

'so

~9Ó

'90

'90

i 05

105

ióó

Pan. Flow

04

Öl"
.015

ÓÓS
000

Ò0Ó
000

000

!óóó
000

óóó
000

05'
04

000
000

óóó
000

óóó
005

óóó
000

óóó
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Time
2:45-3 :00
3:00 p. m.
3:00-3:15
3:15-3:30
3 :30 p. m.
3:30-3:45
3:45-4:00
4:00 p. m.
4:00-4:15
4:15-4:30
4:30 p. m.
4:30-4:45
4:45-5:00
5 :00 p. m.
5:00-5:15
5:15-5:30
5 :30 p. m.
S :30-5 :45
6:00 p. m.
6:00-6:15
6:15-6:30
6:30 p. m.
6:30-6:45
6:45-7:00
7:00 p. m.
7:00-7:15
7:15-7:30
7:30 p. m.
7:30-7:45
7:45-8:00
8:00 p. m.
8:00-8:15
8:15-8:30
8:30 p. m.
8:30-8:45
8:45-9:00
9:00 p.m.
9:00-9:15
9 :20 p. m.

Pulse Resp. Temp.
180 60    .8

180

180

180

180

180

180

180

i80

150

180

150

180 36

Animal died

101.8

101.1

101.2

101.9

102.2

102.4

101.6

101.0

100.4

100.1

100.1

100.6

B. P.

i 00

100

'80

'80

'76

75

60

'60

'50

50

'45

'40

38

Pan. Flow
.000

000
000

02
'

07

Ó¿'
08

.06'

.02

05'
.03

00 '

06'
05

ii'
23

14

Ü"
05

29'
07

io'
15

12'

Necropsy.—Performed immediately after death. Pyloric ligature had held,
allowing no leakage. Thick fluid in stomach, which was markedly acid. No
food material found above colon. There had been no hemorrhage. All organs
appeared normal grossly. The weight of the pancreas was 45 gm.

Series B.—In this series of three experiments, after taking a control
flow of pancreatic juice, the adrenals were quickly removed and the
flow recorded until death. Our results again corroborate those of
Pemberton and Sweet, although the increase we obtained is not so pro¬
nounced as they record. The following experiment is typical ;

Experiment 2 (Series B).—Oct. 18, 1914. Large white bull in good con¬
dition. Etherized at 8:20 a. m. Considerable difficulty experienced in getting
the cannula in the duct. Stomach not ligated. Normal pulse 210, respira¬
tion 42, temperature 99.2, and blood pressure 100 at 8:30 a. m.

Time
9:15 a. m.
9:30 a. m.
9:15-9:30
9:45 a. m.

Pulse
168
162

Resp.
42
42

Temp.
99.2

B. P.
85
95

Pan. Flow

.02
Right adrenal was taken out.
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Time
9:30-9:45
9:51
9:45-10:00
10:00 a. m.

10:30 a. m.

10:45-11:00
11:00 a. m.
11:00-11:15
11:15-11:30
11:30 a. m.
11:30-11:45
11:45-12:00
12:00 m.
12:00-12:15
12:15-12:30
12:30 p. m.
12:30-12:45
12:45-l:00
1:00 p. m.
1:00-l :15
1:30-1:45
1:45-2:00
2:00 p. m.
2:00-2:15
2:15-2:30
2:30 p. m.
2:30-2:45
2:45-3:00
3:00 p. m.
3:00-3:15
3:15-3:30
3:30 p. m.
3:30-3:45
3:45-4:00
4:00 p. m.
4:05 p. m.

4:16 p. m.

4:22 p. m.

Pulse Resp. Temp.
Left adrenal was taken out.

162
160

142

156

180

180

180
180

18(1

180

160

132

42
36

32

39

36

60

60
36

40

42

36

34

42

98.4
99.2

"99.4

"99.8

"99.6

99.2

B. P.

95
90

100

99.2
99.2

99.8

99.9

99.8

1Ö0.2

100.4

105

105

105

65
6(1

50

45

40

32

35

Pan. Flow
.04

05

01

04'
03

03 '

05

 '

11

12
10

12'
18
18

26'
22

23'
33

30
25

30
35

162
Injected small amount of adrenalin which

increased the blood pressure, but decreased
the pancreatic flow.

Injected nicotin which decreased blood pressure
and pulse. Pancreatic flow decreased at first,
but it soon quickened.

Animal died.

Necropsy.—Performed immediately after death. No hemorrhage at the
sites of operation. Pancreas grossly normal. The stomach contained about
150 c.c. yellow colored fluid, acid in reaction.

Series C.—In this series of twelve experiments one adrenal, usually
the right, had been removed some days previously. The remaining
gland was removed through a lumbar incision at the time of observa¬
tion. Blood pressure was decreased but slightly by the adrenalectomy.
In every experiment of this series the flow of pancreatic juice was

increased after the removal of the remaining gland, but this observa¬
tion is inconclusive, inasmuch as in many cases the increase was no

greater than occurred in the control toward the end of the experiment.
A typical experiment follows :
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Experiment 7 (Series C).—Oct. 7, 1914. Large white bull bitch of gentle
disposition whose weight was 11,942 gm. The right adrenal had been removed
two weeks previously. The animal was in excellent condition. Fasted thirty-
six hours prior to the experiment. Etherized at 8 a. m. and apparatus arranged
to record blood pressure and pancreatic flow.

Table as follows :

Time
8:30 a. m.
8:45 a. m.

9:00 a. m.
9:00-9:15
9:15 a. m.
9:15-9:30
9:30 a m.
9:30-9:45
9:45-10:00
10:00 a. m.
10:00-10:15
10:15-10:30
10:30-10:45
10:45-11:00
11:00 a. m.
11:00-11:15
11:15-11:30
11:30-11:45
11:45-12:00
12:00 m.
12:00-12:15
12:15-12:30
12:30-12:45
12:45-1:00
1:00 p. m.
1:00-l :15
1:15-1:30
1:30-l:45
1:4S-2:00
2:00 p. m.
2:00-2:15
2:15-2:30
2:30-2:45
2:45-3:00
3:00 p. m.
3:00-3:15
3:15-3:*0
3:30-3:4S
3:45-4:00
4.00 p. m.
4:00-4:15
4:15-4:30
4:35 p. m.

* Cannula inserted.

Pulse
180
168
168

Resp.
60
60
66

Temp.
98.2
98.2
98.2

B. P.
120
100
95

The remaining adrenal removed.
174 60 98.0 95

150

50

4-1

50

150

120

204

54

54

48

48

18

24

42

Animal died

95.2

95.2

94.6

96.0

96.1

96.1

97.0

105

15

10

55

35

Pan. Flow

.04

.03

.03

.03

  
.1)1
.1)4
.04

M
.04
.035
.055

 3
.07
.085
.075

XÀ'
.07
.085
.075

w'
.09
.i)(,
.06

'.05
.06
.06

.08

.12

Necropsy.—Performed at once. Site of operation in excellent condition.
No hemorrhage. No leakage through the pyloric ligature. Acid found in the
stomach. All the other organs normal grossly. Weight of the pancreas 35 gm.

Series D.—In this series of five experiments, both adrenals were

removed under sterile conditions, at the same time or at different
operations. The pancreatic flow was studied after development of
various degrees of adrenal insufficiency. We found that in an animal
which had developed none of the symptoms of adrenal insufficiency
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the pancreas, while active, showed no increase over the controls. In
every animal studied after the development of the signs of insufficiency,
the pancreas was found to be secreting but usually a scarcely appre¬
ciable amount. The following experiment is a record of the greatest
flow obtained in this series :

Experiment 5 (Series D).—Adult male mongrel. On February 17, 1915, the
left adrenal gland was removed. The animal quickly recovered from the
operation.

Date Time Pulse Resp. Temp.3/1/15 5:30 p.m. 73 20 101.9
3/2/15 8:00 a. m. 78 20 102.3

10:00 a. m. Remaining adrenal gland removed.
3:30 p. m. 135 20 102.8
5:30 p. m. 142 21 103.2

3/3/15 2:30 p. m. 142 20 103.2
3/4/15 8:00 a. m. 150 22 103.1

9:30 a. m. 136 22 102.4
Up to this time the animal appeared normal in every respect. Ate and drank

regularly and showed no signs of muscular weakness.
3/4/15 2:55 p. m. 120 20 102.1 Normal data

ANIMAL ETHERIZED

3:00 p. m. 175 Cannula in carotid ; blood près., 80.
4:15 p. m. Cannula in main duct. Secretion slight,

blood pressure, 50.
Time Pulse Resp. Temp. Pan. Flow

4:15-4:30 ... ..

.

.24
4:30-4:45 ... .. . .17
4:45-5:00 ... .. . .15
5 :00 p. m. Animal bled to death from the femoral artery.

Necropsy.—The pancreas was just beginning to become pink in color. The
vessels were slightly congested.

Series E.—In this series of two experiments, after recording the
normal flow of pancreatic juice, one adrenal was removed leaving the
other intact. This procedure did not produce adrenal insufficiency, yet
the increase in flow of pancreatic juice was just as great as in the
instances in which both glands were removed. This fact is shown by
the following experiment:

Experiment 11 (Series E). April 9, 1915. Adult male poodle dog. Weight,
8,200 grams. Was fasted for thirty-six hours prior to the operation. Pulse 130,
respiration 24, temperature 101.2. Normal blood pressure 144. Etherized at
7:45 a. m.

Time Pulse Resp. Temp. B. P. Pan. Flow
8:00 a. m. 142 36 101.0 144

Abdomen opened and the minor pancreatic duct ligated.
Cannula placed in the main pancreatic duct.

8:30-8:45 ... .. . ... .02
8:45 a. m. 160 28 . 116

Left adrenal removed. 98 ....

8:45-9:00 a. m. ... .. . ... .025
9:00 a.m. 173 56 100.2
9:00-9:15 ... .. . ... .04
9:15-9:30 ... .. . ... .03
9:30 a.m. 216 52 100.0
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Time
9:30-9:45
9:45-10:00
10:00 a. m.
10:00-10:15
10:15-10:30
10:30 a. m.
10:30-10:45
10:45-11:00
11:00
11:00-11-15
11:15-11:30
11:30 a. m.
11:30-11:45
11:45-12:00
12:00
12:00-12:15
12:15-12:30
12:30 p. m.
12:30-12:45
12:45-l :00
1:00-l :15
1:15-1:30
1:30 p. m.
1:30-l:45
1:45-2:00
2:00 p. m.
2:00-2:15
2:16

Pulse Resp. Temp. B. P.

184

180

240

240

240

268

100.1

100.0

99.8

Ï04.0

104.6

103.4

270 52 103.8
Animal growing very weak.

85

85

85

50
40

240 38

Animal died.

104.2

Pan. Flow
.05
.06

.06
'

.10

  
.20

22
.20

22
.23

23
.30

Í36-
.42
.58
.60

1.15

'89 '

Necropsy.—Stomach almost empty, no free fluid, mucosa acid in reaction.

Group 2.—Method A. The flow of pancreatic juice in unanesthe-
tized animals was studied in one series of experiments. In three other
series the condition of the gland itself was studied.

Series F.—In this series of five experiments a temporary pancreatic
fistula was established in an animal in which one adrenal had been
removed. The fistula was made under sterile conditions by securely
fixing a glass cannula in the major duct, after ligating the accessory
duct. After observing the rate of pancreatic flow, and when the animal
had recovered from the effects of the operation, the remaining adrenal
was removed and the animal observed until death. These experiments
were more or less unsatisfactory because of clotting of blood in the
cannula, infection and necrosis of the duct at the point where the
cannula was tied. In none of these experiments was there an increased
flow of pancreatic juice after adrenalectomy ; however, in none of the
animals did the pancreas have the injected blood vessels and charac¬
teristic color as observed in the double adrenalectomized animal. The
most important fact learned from these experiments was that the slight
increase in flow noted in most of the anesthetized animals, after
removal of the adrenals, was wholly insignificant when compared with
the secretion of the gland during digestion. In the anesthetized animal
the flow usually did not reach, and rarely exceeded, 0.05 ce in a quarter
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of an hour, while in unanesthetized animals, of approximately the same

size, during the digestive period the secretion was as much as 1 c.c.

per minute. This fact is emphasized by the following experiment :

Experiment 4 (Series F). White and brindle male bulldog; old; very prone
to fight. Right adrenal removed at 10 a. m., Oct. 31, 1914. Wound kept in
good condition. Nov. 3, 1915, 10 a. m., the accessory pancreatic duct was

ligated and glass cannula placed in main duct. Moderate secretion. Temper¬
ature of kennel maintained at 70 F. The animal drank milk at 12 m.

Date
11/3/15

11/4/15

Time
2:15 p. m
5:00 p. m
6:10 p. m
6:15 p. m

8:30 p. m
6:15 a. m.
9:00 a. m,
9:30 a. m.

Pulse
84

120
90

Resp.
18
12
12

Temp.
104.3
103.0
102.0

Pan. Flow, ceni.

6.80
5.40
3.75

Animal drank milk.
90 12 102.0

140 12 103.0

11:00 a. m.
12:00 m.
2:16 p. m.
5 :30 p. m.
9:15 p. m.

Remaining adrenal removed,
of pancreatic juice after this time

156 30 102.0
Animal drank milk.

210 24 102.2
168 18 103.0
240 12 103.0

Animal died during night.

3.75
1.15

12.0
There was no flow

Necropsy.—The pancreas, aside from a slight congestion, seemed normal.
Pancreatic cannula had ulcerated out of position.

Series G.—In practically all experiments, in anesthetized and unan¬

esthetized animals, the contents of the stomach were found at autopsy
to be acid. That the characteristic appearance of the pancreas, after
removal of the adrenals, is not dependent on the acid condition of the
stomach is proved by the results of this series of experiments. In
five animals sodium bicarbonate, in large doses, was administered by
a stomach tube every few hours from the time the last adrenal was

removed until death occurred. While it is impossible to state that
alkaline reaction of the stomach contents was maintained, it is certain
that very little acid reached the duodenum. At necropsy in these
animals the pancreas presented the same characteristic appearance as

in other adrenalectomized animals.

Experiment 5 (Series G).—Dog B169. Feb. 12, 1915, right adrenal removed.
Feb. 22, 1915, at 10:45 a. m. the left gland was removed. Sodium bicarbonate
in 5 gm. doses was administered about every four hours until death on Feb. 28,
1915, at 8 a. m.

Necropsy.—Pancreas very dark, mulberry color ; blood vessels markedly
injected.

Series H.—In six experiments, after removing one adrenal the
pancreatic ducts were doubly ligated and sectioned. At different times,
varying from a few days to a few weeks, the remaining adrenal was

removed. At autopsy of these animals the pancreas did not show the
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characteristic color and injected blood vessels. In the experiments in
which the last adrenal was removed shortly after ligation of the ducts
the pancreas appeared normal ; when a few weeks had elapsed between
operations, the gland was converted into a hard, fibrous mass. The
following experiment is an example :

Experiment 5 (Series H).—Dog B83. Small terrier about 8 months old.
Nov. 10, 1914, at 11 a. m. both pancreatic ducts were ligated and right adrenal
removed. At 4 p. m. seemed to have recovered from anesthetic and immediate
effects of operation.

Nov. 11, 1915. Remaining adrenal was removed.
Nov. 12, 1915. Animal appeared normal.
Nov. 13, 1915. Developed the signs of adrenal insufficiency and died at 2 p. m.

Necropsy.—Site of the operations in good condition. Pancreas normal color,
lobules stand out prominently; vessels not injected; firm; duct ligatures holding.

In one series of five experiments after the removal of both adrenals
and the development of the moribund condition of adrenal insufficiency,
the animals were bled to death. At necropsy the blood vessels of the
pancreas were found to be still markedly injected with blood.

METHOD B. HISTOLOGIC CHANGES IN THE PANCREAS AFTER

ADRENALECTOMY

Sections of the pancreas removed at necropsy from doubly adrenal-
ectomized animals, when stained by the common methods, were rather
characteristic. The islands were prominent, engorged with blood, and
seemed more numerous than in sections from normal animals. The
acinar tissue seemed to be decreased in amount. In order to study
these changes to better advantage, the special differential stains of
Bensley6 were used. After the careful study of many sections from
different animals, the following facts were ascertained:

1. There is a marked congestion which appears like a hypostatic
congestion. Ever}' capillary seems filled with blood.

2. There is very little or no zymogen present. When zymogen is
present, it is found in the acinar cells which surround the islands or

the small blood vessels. This loss of zymogen seems proportionate to
the length of time that the animal has been moribund, the greatest
loss being found in those cases in which the specimens were secured
an hour or so after death. If the gland was removed immediately
after death, there was less zymogen than if the animal was bled to
death a few hours before it would otherwise have died. This loss of
zymogen seems to be more closely related to the decrease in blood
pressure than to the rate of pancreatic secretion. Evidently the storage

6. Bensley: Studies on the Pancreas of the Guinea-Pig, Am. Jour. Anat.,
1911-12, xii, 297.
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function of the acinar cells was affected more by the decreased food
supply than by secretion.

3. The islands appear larger and more numerous than in sections
from the normal animal. On close examination, after using Bensley's
stains, some of these apparent islands were found to consist partially of
island cells and partially of degenerated acinar cells. Some apparent
islands were made up entirely of degenerated acinar cells.

4. The number and size of the islands, as well as the zymogen con¬

tent, seem to depend on the length of time that the animal is moribund
as well as on the length of time after death that the tissue is removed
and fixed. Degenerative changes in the pancreas apparently occur

slowly during the dying state and very quickly after death. The
acinar cells show these changes before they appear in the island cells.
The former lose their shape with the loss of zymogen, becoming more

rectangular. The nucleus seems to move into the center of the cell.
Both nucleus and cytoplasm stain much less intensely. Degeneration
granules which take the acid stain appear in the protoplasm. All these
changes make the acinar cells appear more like the island cells. As
the changes proceed these groups of degenerated cells coalesce and a

line of demarcation appears around them. The acini nearest the true
islands seem most affected. They apparently join with the group of
island cells to form a larger island. Isolated groups of these changed
acinar cells increase the number of the apparent islands.

SUMMARY

The following facts may be taken to express a specific relationship
between the adrenals and the pancreas :

1. The pancreas develops a characteristic pink color and its blood
vessels are injected to a maximum degree after double adrenalectomy.
This appearance is not dependent on the acid condition of the fluid in
the stomach, but is probably associated with patent pancreatic ducts.
The blood found in the injected pancreatic vessels cannot be removed
by a free hemorrhage.

2. In an anesthetized animal the flow of pancreatic juice is always
slightly increased after the removal of the adrenals.

3. There is a marked decrease in the zymogen content of the pan¬
creas in adrenalectomized animals.

Against these data are the following:
1. The hyperemic condition of the pancreas does not take place

until there is evidence that arterial tone is decreasing in the other
organs.
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2. The increased flow of pancreatic juice in the anesthetized animal
after removal of the adrenals is but little greater than that which occurs
in the normal anesthetized dog under the same conditions as regards
blood pressure, etc., and it does not exceed the increase incident to the
trauma from the removal of only one adrenal. Further, the flow is
insignificant as compared to the flow during the process of digestion.
In an unanesthetized animal, no increase in flow of pancreatic juice
after removal of the adrenals is demonstrable.

3. The decrease in zymogen content is proportional to the time of
low blood pressure.

4. All the changes found in the pancreas are proportionate to the
length of time that the animal was in a moribund condition.

From a comparison of these data it is seen that all the changes
found in the pancreas grossly, histologically and functionally, after
removal of the adrenals, can be accounted for by the changes in general
taking place in the organism as a whole, due to decreased blood pres¬
sure, decreased temperature, and the other changes incident to the
development of the moribund condition. We have been unable to
demonstrate any specific relationship between the adrenals and the
pancreas.
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